Metal organic framework (MOF)-derived nanoporous carbons (NPCs) have been proposed as promising 2 electrode materials for energy storage and conversion devices. However, MOF-derived NPCs typically suffer 3 from poor electrical conductivity due to the lack of connectivity between these particles and micropore-4 dominated storage mechanism, which hinder mass and electron transfer, thereby leading to poor electrochemical 5 performance. In recent years, one-dimensional (1D) MOF-derived carbon nanostructures obtained using 6 electrospinning method have emerged as promising materials for both electrochemical energy storage (EES) 7 and energy conversion applications. In this mini review, the recent progress in the development of MOF-derived 8 1D porous or hollow carbon nanofibers using electrospinning method and their applications for energy storage 9 (e.g., supercapacitors and rechargeable batteries) and conversion (e.g., fuel cells) is presented. The synthetic 10 method, formation mechanism and the structure-activity relationship of such porous or hollow carbon 11 nanofibers are also discussed in detail. Finally, the future perspectives on the development of electrospun MOF-12 derived carbon nanomaterials for energy storage and conversion applications are provided. This review will 13 provide some guidance for future derivations of 1D hollow carbon nanomaterials from MOFs using 14 electrospinning technology. 
Introduction 1
The rapid increase in world economy has led to a significant increase in global energy requirement, leading 2 to rising concerns of energy shortage and climate change problems for the society. [1] [2] [3] [4] [5] As a result, the 3 development of highly efficient, renewable and clean energy sources is becoming increasingly important. In 4 recent years, many efforts have been devoted to develop various rechargeable and reversible energy storage and 5 conversion devices, such as supercapacitors, 6-8 fuel cells, 9-12 solar cells, [13] [14] [15] and lithium-ion batteries (LIBs). [16] [17] [18] 6
The results demonstrate that the achievement of EES devices with high energy and power densities require the 7 design and construction of high-performance electrode materials combined with the suitable use of 8 electrolytes.
19, 20
9
Metal-organic frameworks (MOFs), an emerging but rapidly growing class of porous materials, are 10 assembled by connecting metal ions or clusters with organic linkers. They have attracted considerable interest 11 since firstly reported in 1995. [21] [22] [23] Compared with traditional porous materials, the main advantage of MOFs is 12 their controllable structure and tunable porosity at the molecular level by tuning metal species and organic links.
13
As a result of these advantages, MOFs have been widely applied in adsorption, 24, 25 gas storage/separation, [26] [27] [28] [29] 14 catalysis, [30] [31] [32] and drug delivery. [33] [34] [35] In recent years, the exploration of MOFs in energy storage and conversion research and practical applications. 72 Together with carbonization, this method provides a facile and convenient 1 way for preparing 1D porous (PCNFs) or hollow carbon nanofibers (HCNFs). 4, 19, [73] [74] [75] [76] [77] [78] supercapacitors, rechargeable batteries, and fuel cells). Herein, we will cover the use of electrospinning method 7 for synthesizing MOF-derived PCNFs and HCNFs and discuss their formation mechanisms, along with their 8 important application in these devices. Finally, the future perspectives of electrospun MOF-derived PCNFs and 9 HCNFs for energy storage and conversion applications are also presented. 
Synthesis and formation mechanism of MOF-derived HCNFs by electrospinning

12
Electrospinning provides a simple and low-cost method for preparing 1D nanomaterials and it is by far the 13 most commonly used method for fabricating MOF-derived 1D PCNFs or HCNFs. [80] [81] [82] [83] Up to now, there are two 14 main approaches for fabricating electrospun MOF-based nanofibers (Fig. 3) . In route I, MOF nanoparticles are 15 firstly synthesized and then, they are mixed with the polymer to form a homogeneous solution. Next, this under inert atmosphere to obtain NPCFs. 79 As evident in Fig. 5a , the ZIF-8 nanoparticles were transformed into 28 hollow structures after the carbonization process. The CV curves of the NPCFs at various scan rates (Fig. 5b) 
29
revealed their electric double-layer capacitance and the galvanostatic charge-discharge measurements at various 30 applied currents indicated their favourable conductive behaviors (Fig. 5c) . The specific capacitances of PAN-31 derived carbon (PAN-C), ZIF-8-derived NPC (ZIF-8-NPC), and NPCF were measured to be 110, 201, and 332
32
F g -1 , respectively, at 1 A g -1 (Fig. 5d) . The enhanced specific capacitance of NPCFs was contributed by their enhanced electrical conductivity, which resulted from the improved interconnectivity between the ZIF-8-derived 
20
• High structural stability which prevents significant swelling and shrinkage of the electrode.
21
• Hierarchical porosity which provides many electroactive sites for ions and numerous electrolyte transfer 22 channels to enhance ionic transport throughout the structure.
23
• 1D fiber-like structure which offers highly conductive pathways for the transport of electrons during 24 charge/discharge.
25
• Improved interconnection between the MOF-derived NPCs which provided a 'pathway' to enable 26 efficient charge transport and ionic diffusion during charge/discharge.
27
Despite the significant progress in this field, many previous reports tend to focus on ZIF-derived carbons and 28 more studies are needed on the preparation of 1D PCNFs or HCNFs from other MOFs in the future. of ZIF-67 on electrospun polyacrylonitrile (PAN) nanofibers for LIBs (Fig. 6a) . 98 The hollow nature of the ZIF-7 67/PAN-derived Co 3 O 4 /CNT microtubes can be clearly observed in Fig 6b- cycling stability with no obvious capacity fading after 200 cycles at 1 A g -1 (Fig. 6f) . Goodenough and co-
13
workers reported the fabrication of nitrogen-doped hollow porous carbon nanofibers (HPCNFs-N) through the 14 in-situ growth of bimetallic ZIF (Zn-Co-ZIF, BMZIF) on PAN nanofibers for SIBs (Fig. 6g) . 99 The BMZIF can 15 combine the advantages of each individual ZIF material (ZIF-8 affords the porous structure and nitrogen doping;
16
ZIF-67 provides highly graphitized carbon). As a result, the synthesized N-doped CNFs showed excellent 17 electrochemical performance with high reversible capacities of up to 346 mAh g -1 and excellent cycling life of 18 over 10,000 cycles with no visible decrease in capacity when employed as an anode material for SIBs (Fig. 6h) .
19
Lithium-sulfur (Li-S) Nonetheless, it is still difficult to completely solve the problems arising from the electrochemistry of cyclo-S 8 .
4
As such, it is desirable to load sulfur into carbon substrates with hierarchical porosity to enable optimized 5 confinement of sulfur. In such hierarchical porous carbon materials, the micropores will enable the storage of 6 sulfur as chain-like sulfur molecules to ensure high specific capacity and good cycling performance, whereas 7 the presence of mesopores will increase the pore volume of the carbon materials to achieve a high amount of 
15
In order to combine the advantages of micropores and mesopores, activated bimodal porous carbon ( Fig. 7b and 7c) were achieved from the carbonization of organic linkers in ZIF-8 and PAN, and removal of the cycling stability with a high capacity retention of 79.2% after 300 cycles (588 mA h g -1 ) at a current density of 29 0.5 C (Fig. 7i) , along with high rate performance. Specifically, the discharge capacities of the BP-CNFs/Se 30 cathode at current densities of 0.5, 1.0, 2.0, 5.0, and 10.0 C were 696, 670, 645, 607, and 568 mAh g -1 , 31 respectively (Fig. 7j) . In comparison, the discharge capacities of M-CNF/Se greatly decreased from 60 to 1mA 32 h g -1 with the increase in current density from 0.5 to 10.0 C. The high discharge capacities and excellent rate performance of the BM-CNFs/Se electrode for Li-Se batteries were attributed to the presence of bimodal pores 1 (mesopores and micropores) generated by the carbonization of ZIF-8 nanoparticles and KOH activation, which 2 promoted high utilization of chain-like selenium in the micropores and ensured easy access of electrolyte 3 through the micropores. were previously synthesized through the in-situ confinement pyrolysis of electrospun ZIF-8/PVP fibers at 900 2 °C, which showed high catalytic activity for ORR. 84 The origin of the mesopores in the fabricated NEMCF was 3 attributed to the strong cohesive interface interaction between PVP-derived carbon and ZIF-8 polyhedrons, 4 which provided a significant confinement effect to maintain the ZIF-8-derived carbon adjacent to the internal 5 surface of PVP-derived carbon during the pyrolysis process, thereby shrinking the ZIF-8-based framework from 6 center to outside, leading to the formation of uniform mesoporous structure. Benefiting for the hierarchical 7 meso-microporous structure and the rich nitrogen doping (6.06 at. %), the 1D NEMCF showed slightly higher 8 catalytic activity together with enhanced stability and methanol resistance compared to commercial 30 wt% 9
Pt/C catalyst in 0.1 M KOH. Specifically, the hierarchical porous structure allowed for rapid mass transfer and 10 persistent exposure of active sites, avoiding the temporary or permanent deactivation of these sites due to the 11 blocking or collapse of the catalyst pores. In addition, the relatively high proportions of pyridinic and graphitic
12
N sites on the surface of the NEMCF resulted in high electron conductivity. In general, the graphitic N 13 determines the limiting current density, whereas the pyridinic N is likely to improve the onset potential due to 14 the conversion of the reaction route from a 2e − -dominated process to a 4e − -dominated process. The study further
15
revealed that the types of the active sites and their space distribution are more important in determining the
16
ORR activity and selectivity of the NEMCF than the total nitrogen content.
17
In order to enhance the electrocatalytic activity of MOF-derived 1D PCNFs or HCNFs for ORR, electron transfer number (n) measured using the CSFH electrode were below 3.0% and ca. 3.99 at all potentials 28 in 0.5 M H 2 SO 4 , which are relatively similar to those of the Pt/C electrode. The excellent ORR activity of the
29
CSFHs was attributed to the synergistic effects of the high surface area, the large quantity of micropores, and bimetallic Zn, Co-ZIF with electrospun Co 2+ /PAN fibers ( Fig. 8a and 8b) . The resulting Zn, Co-ZIF based carbon fibers (ZCP-CFs) inherited the merits of carbons from both MOFs and PAN fibers and they exhibited 1 several desirable characteristics for ORR, including large surface areas, high degree of graphitization, highly 2 dispersed N and Co active species and excellent electrical conductivity. As a result of these advantageous to Zn, Co-ZIF derived carbon (ZIF-C). and Zn, Co-ZIF free carbon fiber (CP-CFs) ( Fig. 8c and 8d) . More 7 notably, the ZCP-CFs catalyst exhibited very close ORR activity to the commercial Pt/C catalyst, but with 8 improved durability and better tolerance to methanol crossover. The above studies clearly indicate that high 9 surface area, high electrical conductivity by Co and N-doping, and hierarchical porosity are essential for 10 enhancing the ORR activity of MOF-derived carbon materials.
11
In another report, multiheteroatom-doped (N, B, P, and S heteroatom-doped) hierarchical porous carbon 12 nanofibers (denoted as carbon NBPS) synthesized using ZIF-8 coated worm-like micelles have been 
32
In recent years, research on the development of bifunctional catalysts for water splitting is rapidly increasing. Molybdenum disulfide (MoS 2 ) is an efficient catalyst for HER, yet its low electrical conductivity 1 restricts its charge transfer rate and electrocatalytic performance. (Fig. 8g) , thereby indicating the enhanced catalytic kinetics and high catalytic 22 activity of CoNC@MoS 2 /CNFs. Moreover, an increase of only 17 mV in the value of η 100 was observed after 23 1500 continuous cycles (Fig. 8h) The Royal Society of Chemistry. This review summarizes the advances in the derivation of one-dimensional porous and hollow carbon nanofibers from 2 metal-organic frameworks for energy storage and conversion. 3
